Unsold new housing stocks may be closely related to housing market fluctuation, especially the difference between housing supply and demand, which is influenced by macroeconomic conditions. These factors simultaneously influence developers' investment decisions and, thus, housing supply over time. However, previous research on the housing market has focused on explaining the statistical relationships among factors with reducedform equations rather than analyzing dynamic behavioral changes. Thus, system dynamics should be introduced to analyze the dynamic cycles of unsold new housing stocks, housing investment, and housing supply-demand. This study develops Causal Loop Diagrams (CLDs), in which dynamic relationships are presented, and Stock-Flow Diagrams (SFD) for quantitative simulation by introducing normalized unit modeling by elementary relationship (NUMBER). The simulation results show that system dynamics can explain dynamic relationships in the housing market by focusing on unsold new housing stocks. In terms of the practical use of system dynamics models, governments can establish housing policies and developers can make decisions on investment in housing by considering unsold new housing stocks and their influence on the housing market. However, further consideration should be given to developing a method to reflect unpredictable economic events, such as the global financial crisis, in the system dynamics model.
Introduction
According to housing statistics in the European Union for 2006, housing stocks in most European countries have continued to increase since 1980 [1] . In particular, Spain [2] and the UK [3] have reached significant levels of unsold new housing stocks (called UNHS hereinafter). South Korea which has provided an interesting case study for housing researchers [4, 5] has also faced severe economic challenges due to UNHS. In 1995, 1996, and 1998, when the number of UNHS in South Korea exceeded 100,000, the bankruptcy rates of construction businesses were 3.16%, 4.04%, and 7.01%, respectively; these numbers are greater than 1 ∼ 2% of the normal rate [6] . Thus, UNHS is thought to have a negative effect on the financial status of construction businesses, i.e., developers and contractors [7, 8] .
In addition, it is likely that UNHS influences housing supply and demand. Developers may cancel or postpone investment plans if UNHS increases and, consequently, the housing supply would decrease over time. Therefore, UNHS is an indicator of trends in the housing market [9] . If UNHS increases, it can be assumed that housing prices will decrease and developers will postpone or cancel housing development plans, leading to a decrease in the housing supply. In such a cycle, property values [10] and housing policies [11] also play a role in moving the market.
The housing market tends to cycle from bullish to bearish markets in a circular fashion, and analysis from a long-term perspective is necessary [12] . However, previous studies on housing supply and demand have used one-way analysis, i.e., regression analysis, and studies on the relationships involved have been insufficient [13] . In particular, reduced-form singleequation models provide only limited explanations of the dynamic cycles of the real-world housing market [10] . Edelstein and Tsang [10] suggested that 'housing investment' and 'property values' should be counted to explain the housing supply function. In this aspect, UNHS is significant because it can indicate the developer's willingness to invest and housing prices in the future.
In this study, system dynamics is used as an alternative approach to reduced-form single-equation models to analyze dynamic cycles in the housing market. System dynamics is effective for analyzing complex factors of the housing market, such as housing supply and demand and their causal relations, because it deduces feedback structure from temporal behavioral changes and analyzes dynamics and relations [9, 14] .
This study analyzes cycles of UNHS, housing investment, and housing supply-demand by introducing system dynamics to determine the dynamics of the housing market and the importance of UNHS as a potential indicator of housing investment, supply and prices. The results of this study will provide governments with a basis to establish housing policies and allow developers to plan on investment with enhanced predictive ability. This paper is organized as follows. Section 2 presents reviews of previous research on UNHS in the context of housing supply-demand and system dynamics applied to analyze housing market. Sections 3 and 4 explain and develop the causal loop diagram (CLD) and stock-flow diagram (SFD) system dynamics models, respectively. Before developing the models, the factors that influence housing supply and demand are classified. In CLDs, the dynamic relations of factors are presented. Essential variables in CLD are converted to a scale of 0-1 in SFDs to quantify their relationships. This method is called normalized unit modeling by elementary relationship (NUMBER). The SFDs are validated by means of simulation conducted with time series data from the Korean housing market from 2001 to 2009. Section 5 concludes the paper.
Unsold new housing stocks and the system dynamics literature

Unsold new housing stocks in the context of housing supply-demand
UNHS are used as a measure of housing inventories or vacant houses [14, 15] . In Korea, UNHS are defined as houses for which a sales contract has not been entered into after marketing began to attract buyers under the time guideline and procedure [16] . UNHS have only recently been used as a housing market indicator; therefore, there have been few studies providing a thorough analysis of their influence upon the housing market.
Arnott [14] performed a study on vacant houses using a numerical model. His study verified that vacant houses play a socially desirable function in that they provide potential house purchasers with wider options to choose from, but he did not conduct an empirical analysis. Mayer and Somerville [15] suggested an empirical model focusing on housing supply estimation. In the estimation function, housing price was selected as an important variable for housing supply, and vacant houses were referred to but excluded from the set of independent variables. Kang [16] stated that the cause of UNHS was housing over-supply, lack of consumer purchasing power, and insufficient government financial support. He suggested policy improvement as a way to resolve the issue of UNHS. However, he did not review the effect of UNHS on the housing market. Jung and Kim [17] performed an empirical study, via time series analysis, of the macroeconomic factors and government policies that affect UNHS. However, they did not mention the time lag between investment decisions on housing and its supply in the market.
Even though the social phenomenon of UNHS is regarded as a serious problem [17] [18] [19] [20] , few studies have examined its influence on the housing market. The main reason for this is the lack of sufficient time series data due to the difficulty of measuring UNHS. Nevertheless, UNHS should be counted as an intermediate factor that can influence the rationale of developers' investment decisions and the attitudes of homebuyers. Therefore, it is appropriate to develop a method to analyze UNHS to explore its role in the dynamic housing market rather than relegate it to a variable in an equation.
System dynamics in previous housing market research
System dynamics is a widely used modeling method to analyze industry, economy, society, and environment systems, and it provides a complex nonlinear system solution [21] . It focuses on temporal dynamic changes rather than obtaining an estimated value of a variable, and it helps in understanding how different phenomena relate to each other [22] . Furthermore, it approaches causes to a problem from a structural perspective [23] .
The research by Forrester [24] was the first to use system dynamics to verify housing market dynamics. Forrester [24] considered the outward urban phenomenon to be the result of interaction among various components such as population, employment, houses, land use, and industries, and as something temporally and dynamically changing. Alfred [25] developed Forrester's urban dynamic model and established a model that considered social economic attractiveness as a key factor of urban dynamics with regard to urban problems. Tracey [26] and Sanders and Sanders [27] studied the dynamics of urban space, respectively assuming that household mobility depends on the dynamics of housing prices and that urban space expands and shrinks depending on mutual causations of the housing industry and population. System dynamics has continuously been applied to analyze the interactions among housing factors, i.e., dynamics of the housing market [12] and housing policy analysis [11] . Previous studies have deduced the causes for the occurrence of UNHS from market environments or policy. However, the fundamental cause for the occurrence of UNHS is the mismatch between housing supply and demand. At the same time, UNHS can trigger an imbalance between housing supply and demand. Thus, a cautious exploration of cycles in the housing market should be conducted.
Causal loop diagram (CLD)
Variables
Verifying variables involves selecting the major variables affecting a problem situation as well as defining systems and structuring the mechanism of a practical model [28, 29] . Table 1 presents potential variables that would be used to build system dynamics models. In this study, variables are classified in terms of economics, policy, supply, and demand.
From a macroeconomic perspective, various researchers [30] [31] [32] have mentioned that real estate markets are closely related to macroeconomic factors, i.e., employment rate, economic growth rate, interest rate, and household income change rates. The other primary factor is housing policy, e.g., taxes relevant to housing and public housing plans [33] . The effects of policy can be analyzed in terms of housing supply and demand, respectively. The factors that influence housing supply are well known: new housing, housing stocks, construction costs, housing price [14, 15, 34, 35] . Regarding housing demand, Ortalo-Magne and Rady [36] pointed out that desire for housing improvement is the key factor in making the decision to purchase a house. Compared to the process of purchasing normal goods, a relatively large amount of money is required to buy a house; thus, a major portion of buyers take out a mortgage. For this reason, a household mortgage is the main factor in determining one's ability to purchase a house. Household mortgages depend on household income, and both need to be counted as variables [36] .
In this study, housing economics and policy can be regarded as external factors affecting the housing market. Policy variables are qualitative variables and thus are not considered for quantitative analysis in this study. Instead, it is assumed that ''housing investment'' is determined by economics and ''mortgage'' is influenced by housing policy.
Introduction to the CLD method
The procedure of system dynamics modeling is as follows. First, a problem is analyzed and defined, and causes for the problem are deduced to make a CLD to describe the feedback relationships among the causation variables. The feedback consists of a reinforcing loop, in which a variable increases or decreases over time, and a balancing loop, in which a variable is stabilized over time. CLD is a qualitative model that is tested by comparing the behavior of variables obtained by system analysis or a qualitative simulation of past statistical data by checking whether the behavior of the variables is stable under extreme conditions [11] . Table 2 shows notations for CLD. After CLD for each cause are made, they need to be converted into a concrete model for a computer simulation, called a stock-flow diagram (SFD). Using the SFD, simulation is conducted with real-world data, and the model is validated. In this paper, ''B'' denotes a balancing loop and ''R'' denotes a reinforcing loop. The satisfaction of the causal relation between variables A and B requires material time delay.
Defined as the rate or flow of change stock in a system. Fig. 1 shows the feedback loop for housing supply. If 'return on investment (ROI)' increases in the housing market, the expectation of a housing price increase goes up under the economic principle; furthermore, 'investment in housing' goes up as well. Increased investment in housing promotes the 'supply of new housing' and, accordingly, 'housing supply' increases, and total housing supply increases as well [10] . The housing supply and demand can be well balanced if houses are supplied according to proper demand prediction, but too much supply can lead to decreased demand for new housing and increased UNHS.
Causal loop diagram (CLD)
The second diagram is a feedback structure for housing supply-demand (Fig. 2) . Housing over-supply decreases the difference between supply and demand and results in decreased 'existing housing prices'. Decreased 'existing housing prices', in turn, lead to decreased expected transaction profits, namely, the 'difference between existing housing prices and new housing prices', resulting in a decreased 'expected return on capital investment'. As 'expected return on capital investment' decreases, both 'motivation for asset investment' and 'interest in house purchase' decrease, resulting in a housing demand decrease. In turn, decreased 'housing demand' leads to a decreased or negative difference in the 'supply and demand difference', resulting in decreased demand for new housing and increased UNHS. Conversely, if 'existing housing prices' go up, the 'difference between existing housing prices and new housing prices' goes up, resulting in increased 'motivation for asset investment' and 'interest in house purchase' and then, decreased UNHS. However, this study focuses on the reason for the occurrence of UNHS; thus, CLD analysis was conducted using the case of a decrease in housing prices.
The third diagram has two sub-loops with regard to household income, R3-1 and R3-2 (Fig. 3 ). To begin with, R3-1 shows that as 'household income' decreases, 'mortgage' and the ability to repay them decrease. Then, both 'housing price payment capability' and 'interest in house purchases' decrease. R3-2 also shows that, if 'household income' decreases, 'desire for improved housing facilities' decreases along with 'motivation for housing-related spending', resulting in decreased 'housing demand'. Decreased 'housing demand' decreases the 'difference between supply and demand', leading to increased UNHS.
The last loop is drawn by adding macroeconomic variables to housing supply-demand CLD (see Fig. 4 ), including household income. R4-1 is the loop where a 'bad macro-economic condition' leads to high 'mortgage interest rates' and, accordingly, decreased 'interest in house purchases', resulting in increased UNHS. R4-2 shows a structure where a 'bad macro-economic condition' leads to increased 'production cost' and, thus, increased 'new housing price'. An increase in 'new housing price' means a decrease in 'expected returns on capital investment' because of a decreased gap between existing housing prices and new housing prices. This decreases the 'motivation for asset investment' and 'interest in house purchases', resulting in decreased 'housing demand'. Lastly, R4-3 is a feedback loop where a 'bad macro-economic condition' leads to an economic downturn and decreased 'household income', resulting in decreased 'housing demand' (Table 3) . Table 4 presents potential variables to develop SFD. Variables used to develop CLD (i.e., variables defined according to housing demand, housing supply, and macroeconomic factors) are classified into level variables and rate variables. To prevent rate variables from being too complicated, supplemental variables are added. Level variables change depending on rate variables, being major variables of CLDs. Among the components of the total CLD, 'existing housing price', 'housing supply', and 'housing demand' were selected as level variables because housing supply and demand are the primary factors generating UNHS and housing price is a major variable influenced by the difference between the two (see Fig. 4 ).
Stock-flow diagram (SFD)
Variables
Rate variables are determined by the direct or indirect effects of supplemental variables. Eight variables were selected as rate variables. Lastly, supplemental variables were narrowed down to 10 quantifiable variables that change rate variables.
In order to conduct SFD simulation, supplemental variables that represent the categories of factors in the total CLD (i.e., housing demand, housing supply, and macroeconomic factors) are identified (see Table 5 ). The CBSI is the result of a survey of the subjective opinions of construction firms regarding future economic condition. For this reason, it can represent the intention to invest in housing.
Introduction to NUMBER and SFD methods
To deduce SFD, this study introduces the normalized unit modeling by elementary relationship (NUMBER) method. NUMBER is a method used to change a CLD to a numerical model where the relationships between stock variables and flow variables is set as a basis relationship and those variables are converted to values between 0 and 1 [29] . In system dynamics, stock variables are called level variables, and flow variables are called rate variables. Level variables are cumulative variables, whereas rate variables are changing variables. Level variables represent the status of a system, whereas rate variables change the system. The NUMBER method can simplify a model because it converts variables to a value between 0 and 1. Changes in variables are allowed according to causal relations and, thus, establishing dynamic relationships among variables is possible [29] . To perform NUMBER, variables need to be classified into level and rate variables, and their relations are modeled as numerical equations. Fig. 5 shows a general relation between level variables and rate variables.
In Fig. 5 , attention should be paid to the relationship between the rate increase and decrease and the level variable. In this relationship, functions for the variables are presented as follows:
Rate increase = (1 − Level variable) × Rate of change (2) Rate decrease = (Level variable) × Rate of change.
In the above equations, level variable and rate of change have values between 0 and 1. If several input variables have an effect on the rate increase or decrease and each supplemental variable has an independent effect, (4) is used; conversely, if each supplemental variable has an interactive effect, (5) is used.
SFD equations
SFD functions are defined by using the variables given in Table 5 and introducing the NUMBER method. The initial value of UNHS was set to 0.1 -close to 0 -because the number skyrocketed after 2001. UNHS = increase in UNHS − decrease in UNHS. (6) The rate variable for UNHS is defined using (5) , and the increase in UNHS is influenced by the difference between housing supply and demand and existing housing price. These two variables have a mutual causation relationship; thus, they are defined as in (7). In addition, the decrease in UNHS increases as housing demand increases, the difference between housing supply and demand increases, and as the economy goes up; thus, it is defined as in (8) .
Increase in UNHS = (supply and demand difference + existing housing price)/2 × (1 − UNHS) (7) Decrease in UNHS = (housing demand + supply and demand difference + economic revitalization)/3 × UNHS. (8) Functions and initial values were created and set for the remaining level variables such as 'existing housing price', 'housing demand', and 'housing supply' using the same NUMBER method as UNHS. Functions for rate variables were created by applying (5) in consideration of each variable's causal relations (see Fig. 6 ).
Adjustment coefficients were applied to supplemental variables by analyzing their direct and indirect influence, and the 'expected return on capital investment' and 'return on investment (ROI)' for houses were defined as in (9) and (10) using a delay function, because it takes a certain amount of time to profit from capital or other investments.
Expected return on capital investment = DELAY1(existing housing price) (9) return on investment (ROI) = DELAY (UNHS). (10) The lookup function connected to supplemental variables was used for 'mortgage', 'CBSI', and 'supply of new housing', and actual data were input. Fig. 7 shows the SFD representing the dynamics of UNHS, investment in housing, and housing supply-demand. 
SFD simulation results and validation
SFD simulation was conducted by inputting the annual total numbers for UNHS, mortgages, new housing, and CBSI from 2001 to 2009. Vensim, a software program developed to support the visualization and simulation of SFD, was used to conduct the simulation. The simulation results are presented in Figs. 8 and 9 . In the graphs, the x-axis represents years, and the y-axis is an index that converts actual value (i.e., the total numbers for UNHS and new housing) to a range from 0 to 1. The line marked ''1'' indicates the actual values of the data, and the line marked ''2'' indicates the simulation results from the model and equations presented in this study.
Validation of models is conducted by means of Least Square Method (LSM) [41] that is used in regression analysis. In this study, the coefficient of determination R 2 provides a measure to obtain SFD simulation results (i.e. UNHS and housing In this study, the UNHS are used as an indicator to predict housing supply. According to Fig. 9 , the housing supply trend triggered by UNHS can be predicted by means of SFD simulation. Until 2007, the actual housing supply was similar to the simulation result. However, for the same reasons observed in the UNHS simulation in Fig. 8 is 0.001. In this case, R 2 is 0.970, and it means that the regression line fits to explain variance of simulation results. Future research should develop a new method that can reflect unpredictable economic situations in SFD.
Conclusion
This study held the following assumptions: UNHS is the result of a mismatch between housing supply and demand; at the same time, those factors influence developers' investment decisions. In this respect, UNHS plays the role of an indicator that can predict housing supply. The relationships among UNHS, investment decisions, and housing supply-demand are dynamic and rotated. Therefore, system dynamics is considered more suitable for analyzing dynamic cycles of the housing market than other approaches introducing reduced-form equations.
In order to develop system dynamics models, variables that can explain housing market dynamics were classified according to aspects of the macro economy, policy, housing supply, and housing demand. Their relationships were designed as CLDs. Variables in the CLDs were converted to a range from 0 to 1 in SFDs. Accordingly, a quantitative simulation was possible even though the variables were measured in different units. This study is unique in its method of identifying supplemental variables that could represent level variables and rate variables in SFDs. It enabled simplification of the model without sacrificing interrelations among variables. Empirical analysis using the presented SFDs was conducted to validate the system dynamics models by inputting the annual total numbers for UNHS, mortgages, new housing, and CBSI from 2001 to 2009. The simulation results showed that the causal relationships between UNHS, housing investment, and housing supply-demand could be explored by means of systems dynamics. Practically, this enabled the prediction of UNHS from a housing supply-demand aspect; furthermore, housing supply could be predicted from UNHS.
However, the simulation results of both housing supply and UNHS did not correspond with actual trends after 2007, the year in which the global financial crisis occurred. The reason for this is that system dynamics does not immediately reflect a specific unpredictable event. Thus, a new model should be developed to overcome this limitation.
